The aim of this study was to assess the cognitive and behavioral development of preterm and low birth weight newborns living in a disadvantageous socioeconomic environment at school age. METHODS: This cross-sectional study included children aged 6-7 from a historical birth cohort of preterm (gestational age ,37 weeks) and low birth weight (,2,500 g) infants. The Wechsler Intelligence Scale for Children III (WISC-III) was administered by a psychologist while the parents completed the Child Behavior Checklist. The results were compared to the test's reference. The perinatal information and follow-up data were collected from the hospital files. The demographic data were collected from the parents. The current performance was compared with the results from the Denver II and Bayley II tests, which were administered during the first years of life. RESULTS: The total intelligence quotient varied from 70 to 140 (mean 98.7¡15.8). The borderline intelligence quotient was observed in 9.3% of the children. The Child Behavior Checklist indicated a predominance of social competence problems (27.8%, CI 19.2 to 37.9) compared with behavioral problems (15.5%, CI 8.9 to 24.2). Both the Child Behavior Checklist domains, such as schooling, social and attention problems, and the cognitive scores were significantly associated with maternal education and family income. The results of the Denver and Bayley tests were associated with the cognitive performance (p,0.001) and the Child Behavior Checklist social profile, including aggressive and externalizing behavior (p,0.001). CONCLUSIONS: Our data suggest that even low-risk preterm newborns are at risk for developing disturbances in early school age, such as mild cognitive deficits and behavioral disorders. This risk might increase under unfavorable socioeconomic conditions. KEYWORDS: Cognition; Behavior, Outcome Assessment; Preterm Infants; Low Birth Weight.
& INTRODUCTION
There is an increasing worldwide survival rate of children who are born very preterm, and this outcome is an emerging public health problem because specialized outpatients clinics to follow up these infants are not fully available, at least in developing countries. The higher survival rates create a population with exceptional needs; numerous studies of the follow up of preterm and very low birth weight infants have demonstrated that these infants have an increased risk for cerebral palsy, cognitive and language delays and emotional/behavioral adjustment problems (1, 2) . These factors will influence academic achievement at school age because executive deficits might affect school performance and social and adaptative behavior (3) (4) (5) (6) (7) (8) (9) (10) . The degree of risk increases with decreased gestational age (2, 11, 12) .
The school setting requires the interaction of different attributes, such as cognitive ability, social and emotional competence. Entering the formal educational process requires a child to have complex social abilities and effective functioning. The majority of academic achievement deficits are evident in the early school years, which indicates that neuropsychological assessment at this age is an essential tool for preventing difficulties. The problems diagnosed at this time represent indicators of mental disorders (13, 14) .
The data concerning the medium or long-term outcomes of preterm newborns in developing South American countries remain inadequate, and specific follow-up programs are difficult to maintain in public institutions. After discharge from a neonatal intensive care unit (NICU), the majority of these infants are followed at primary care facilities. In exceptional cases, a number of university hospitals offer specific programs for follow-up.
The aim of this study was to assess the cognitive and behavioral development of preterm and low birth weight newborns from disadvantaged social and economic environments in southern Brazil once they reach school age.
& METHODS
This cross-sectional study included children aged 6-7 years old from a historical birth cohort of preterm (gestational age ,37 weeks) and low birth weight (,2,500 g) infants. The infants were born between January 1999 and December 2000, admitted to the NICU of the University Hospital São Lucas of the Pontifícia Universidade Cató lica do Rio Grande do Sul (HSL/PUCRS) and followed at the neonatal outpatient clinic of the hospital. All patients under current follow-up were invited to participate in this study.
During 1999 and 2000, 520 children were born preterm and with low birth weight and were admitted to the neonatal unit. During the neonatal period, 59 died, and 64 were diagnosed with neonatal neurological disorders. For this study, the sample size was calculated using PEPI program version 4.0 (Abramson and Paul Gahlinger, Salt Lake city, UTAH, USA), based on 15 points of standard deviation and 3 points of error in the WISC scale III, with a confidence interval of 95%. After the sample size was calculated, the first 97 children whose parents answered the invitation, fulfilled the inclusion criteria and concluded the entire evaluation procedure were included in the study (49 girls and 48 boys).
The children included were low-risk preterm neonates who were attending preschool or elementary school and had a stable clinical condition that allowed testing. The exclusion criteria were a previous history of neonatal disorders such as the use of mechanical ventilation for more than 2 weeks, an intracranial hemorrhage grade III or IV, a congenital defect, neonatal seizures, bacterial meningitis, clinical evidence of perinatal asphyxia or the presence of periventricular leukomalacia. The children whose parents did not authorize the evaluation or who had a condition that would preclude testing were excluded.
Information related to pregnancy, delivery, neonatal disorders, previous visits to the outpatient follow-up clinic and the results of the developmental tests were obtained from the hospital files. All children included in the study were evaluated at 12-36 months of life with the Bayley Scale of Infant development version II administered by a psychologist immediately after the follow-up visit). A total of 93 subjects had the Denver II results available (this test was administered by a pediatric neurology fellow during the regular neurological followup visit). A number of children included in this study were previously evaluated for language acquisition at 3 years and for behavioral disorders at 4-5 years (15, 16) .
The neuropsychological assessment consisted of the administration of 2 tests, the Wechsler Intelligence Scale for Children -III (WISC-III) and the Child Behavior Checklist inventory (CBCL), which have been translated into and validated in Portuguese (17, 18) .
The subjects were tested with the WISC-III and CBCL by a psychologist (RGF) in a specific room that was adequately lit and with low noise, i.e., an appropriate location for cognitive assessment. While the child performed the tasks for the WISC-III, the parents/guardian answered the CBCL questionnaire in the same room. The parents/guardian were told not to interfere with the testing of the child. The results were compared with the test references and the results of the Bayley Scales II and Denver Test II, which were previously administered during follow-up visits.
The WISC scale is used worldwide to assess intelligence/ cognition in children aged 6 to 16 years, and the results are expressed as the intelligence quotient (IQ). The mean IQ varies from 80 to 119 points, 79 to 70 is considered borderline and scores below 70 suggest mental retardation. The revised edition (III) enables assessment of intelligence, attention, visual-constructive ability, executive function, language, memory and four indexes derived from factor analyses: the verbal comprehension index, the perceptual organization index, the freedom from distractibility index and the processing speed index. The four indexes show the relevant dimension of the cognitive skills of the subjects (17) .
The CBCL is a widely used questionnaire to assess emotional and behavioral problems in children and adolescents. The behavioral scale is composed of 118 items, and the normative data indicate problems (i.e., abnormal results) in patients who score higher than 67 points. Scores over the cut-off point for normality indicate symptomatic patients with clinical expression of behavioral problems. The social scale has 20 items, and its cut-off point is 40. Thus, children with scores over 40 are considered to have normal functioning in social competence/abilities (18) .
The data concerning maternal education, occupation and family income (19) were collected in an interview with the parents/guardians.
The majority of the group was evaluated at 7 years of age (n = 88, 98.7%) and attended the first grade of elementary school (n = 87, 89.7%); the remaining children were evaluated at 6 years of age and attended pre-school.
Statistical analysis
The categorical variables were described as percentages. For the continuous variables, we used mean, standard deviation, median and minimum and maximum values. We used the Z test to compare the mean values obtained in the sample with the WISC-III reference. Binomial confidence intervals were used to describe the percentages of the clinical categories for the CBCL. The data were analyzed using SPSS for Windows, v. 15.0.
This project was approved by the Ethics Committee of PUCRS (07/03746), and all parents signed an informed consent.
& RESULTS
The characteristics of the sample regarding the perinatal conditions showed a mean gestational age of 33.6¡2.0 weeks and a mean birth weight of 1890¡4.9 g. Of the births, 65% were by Cesarean section, and the mean Apgar scores at the 1 st minute and 5 th minute were 7.08¡1.8 and 8.52¡0.9, respectively. All children presented neonatal disorders, with breathing dysfunction (86.6%) and jaundice (66.0%) being the most prevalent conditions. Table 1 presents the educational and socioeconomic status of the mothers. In this sample, the majority of the mothers were housewives without personal income. The mean family income was low (2.71¡1.2) and varied from 1 to 4 times the Brazilian minimum wage.
The results for the WISC-III test in the studied sample showed a mean full scale IQ of 98.7¡15.8, a verbal scale IQ of 99.5¡13.7, a performance scale IQ of 98.5¡16.7, a verbal comprehension index of 98.6¡12.9, a perceptual organization index of 98.8¡16.4, a freedom from distractibility index of 98.4¡15.1 and a processing speed index of 94.4¡12.8. The total IQ score varied from 70 to 140. Borderline results (70 to 80) were observed in 9.3% of children for the full scale IQ, 5.2% on the verbal scale, 11.3% on the performance scale, 6.2% on the verbal comprehension index, 12.4% on the perceptual organization index, 13.4% on the freedom from distractibility index and 12.4% on the processing speed index. Between these tests and the reference standard, only the processing speed index showed a significant difference (p,0.001). Figure 1 shows the results obtained in the study sample for the WISC-III. The subtests that comprised the verbal and the executive IQ and had the lowest scores, when compared with the mean standard scores of the scale, were digit span, coding, picture arrangement, object assembly and information, on which 16.5%, 15.5%, 13.4%, 13.4% and 12.4% of the children, respectively did not achieve the cut-off point of 7 (minimum value for normality).
The performance on WISC-III and its associations with birth weight, maternal education and family income are shown in Table 2 . We had not observed an association between lower birth weight and WISC performance; however, most of our sample had a birth weight between 1,500 and 2,500 g. A significant association was observed between maternal education/family income and WISC scores.
The distribution of CBCL scores indicated a predominance of social competence problems (27.8%, CI 19.2 to 37.9) compared with behavioral problems (15.5%, CI 8.9 to 24.2). Table 3 shows the comparison between the results on WISC-III and CBCL. Full intelligence quotient (IQF), verbal intelligence quotient (IQV) and performance intelligence scale (IQP) were significantly associated with schooling (p,0.001), among the social competence domain and with the total behavior profile (p,0.001), attention (p = 0.001, p = 0.002, p = 0.001) and social problems (p = 0.04, p = 0.017, p = 0.002), respectively. An attempt to correlate the different domains of the CBCL and the socioeconomic profile of the sample showed significant associations with maternal education and family income (Table 4) . No significant correlations were found between CBCL and maternal age.
The retrospective data related to the developmental screening applied during follow-up (up to 3 years) showed abnormal Denver test results in 9 subjects. The Bayley mental scale was abnormal in 16 patients, the motor scale was abnormal in 17 patients and the behavioral scale was abnormal in 14 patients. The results of the Denver and Bayley scales were compared with the WISC-III and CBCL. A significant association with all the WISC subtests and the results of the Denver and Bayley (p,0.001) scales was observed. The CBCL total scores significantly correlated with the results of the Bayley and Denver tests (p,0.001) in all social profile domains (p,0.001) and with social, aggressive and externalizing behavior (p,0.001) ( Table 5) . 
& DISCUSSION
Despite the technological and scientific improvements that have largely contributed to the decrease in neonatal mortality, prematurity and low birth weight remain the major causes of neonatal mortality and morbidity, constituting a high risk factor and promoting a significant clinical and epidemiological effect (1, 20, 21) . Specific follow-up facilities to assess the short-and long-term outcomes of preterm newborns have been established in many tertiary centers worldwide, and an extensive amount of data has been published in the last years concerning this subject (20) .
In developing countries and specifically in Brazil, the percentage of survivors who are discharged from NICU care has also increased because of improvement in the accessibility of high technological procedures in tertiary and university hospitals (22) . Few programs for the long-term follow-up of survivors are available, and the majority of them are concentrated in specific university hospitals in the southern, southeast or northeast regions of the country (15, 16, (23) (24) (25) (26) (27) (28) (29) (30) (31) .
In this study, we have demonstrated that even a selected population of low neurological risk preterm newborns might face learning difficulties and behavioral problems when entering school. As previously suggested by Golden (32) , IQ is a consequence of current intelligence plus environment and motivation, which indicates that intelligence is an interaction between the environment and biological skills. The assessment of high-risk children who are preterm, have a low birth weight and have been raised in unfavorable socioeconomic condition is justified because low social status is a predictor of poor cognitive outcome even in children raised in developed countries (33, 34) . One of the limitations of this study was being unable to include children who were born in the same institution at term and had comparable socioeconomic backgrounds as a control group to further explore our findings. This type of followup is very difficult to achieve because normal children are discharged from the hospital directly to primary care centers near their homes and do not retain contact with the tertiary care institution of their birth. Because the instruments applied in the neuropsychological evaluation were translated into and validated for the Brazilian population and have standard references of normality, the results obtained in our sample were compared to the reference values of the tests. The design (cross-sectional) might be another limitation of the study, and the ideal design for follow-up studies is birth cohorts or prospective studies. Although part of the information used in this study was collected from the database of the historical cohort, the neuropsychological evaluation was prospective.
Previous studies have shown that the preterm status of a child per se may affect academic achievement and performance from school age to adolescence (1, (6) (7) (8) . The data regarding Brazilian studies are controversial; some authors have reported cognitive impairment at school age in very low birth weight neonates (23) (24) (25) , and others have not (27) . In this study, no significant cognitive impairment was observed; however, our sample consisted of low neurological risk newborns, the majority of them with birth weight from 1500 to 2500 g.
Learning difficulty is typically understood in its functional aspect in the school setting, i.e., as a discrepant performance of the abilities measured by the IQ. Despite a normal global intellectual functioning according to Table 2 -Performance on the WISC-III scale and its association with birth weight, maternal education and family income (n = 97).
WISC-III Scale
Low birth weigh (,2500 g) n = 77
Very low birth weight (1500-2500 g) n = 12
Extremely low birth weight (,1500 g) n = standardized tests, premature children would be more likely to have disabilities in school performance (35) . For each premature child, the mean IQ tends to decrease as the gestational age decreases, and there is a forecasted decrease of approximately 1.7 points for each week (13) of prematurity. In our study, the only IQ component that differed significantly from the reference scale was the processing speed index; a small percentage of the children (9.3%) achieved borderline results (from 70 to 80 points) for the full IQ scale. When we analyzed separately the subtests of the WISC III, lower significant scores were found in 2 domains of the verbal IQ and in 2 domains of the performance IQ. Clinically, the IQV is related to factors that are dependent on learning and previous acquisitions, and the IQP is related to maturational aspects. A low level of maternal education and lower family income were also associated with deficits on some subtests. One of the reasons for the lower school achievement of preterm and low birth weight children is that they are more subject to emotional and behavioral problems that might influence school performance (5, 36) . We observed that our population was more vulnerable to behavioral and emotional problems because a number of the children were detected as having attention problems, anxiety, depression or aggressive behavior, which might influence academic performance. Co-morbidity between learning deficits and behavior problems has been reported by other authors, as we found in our sample (13, 23) , and possible explanations for these findings might be related to the maternal level of education and family income. Méio et al. studied a Brazilian sample and considered a low maternal level of education and low income as risk factors for developmental delay (23).
Bradley and Corwyn showed that the educational level of the parents is the best socioeconomic predictor for school performance during adolescence (37) . In the social competence profile, the children in the sample group demonstrated altered scores on those scales, which are expected because of their decreased participation in social activities; this decreased participation causes peer integration problems that affect social life. The low income family factor prevents attendance at social activities. The decreased social activity of preterm and low birth weight children, which occurs as a consequence of exposure to unfavorable personal and social factors such as low income family income, low maternal education and a low stimulation home environment, was previously reported (14) . Growing up in low-income households is considered as a risk for learning problems and deficits in executive functioning and is also a risk in children born extremely preterm (38) .
In the behavior profile of the study population, the lowest behavior scores were obtained relative to attention problems, anxiety and depression and aggressive behavior. Comorbidity between the learning deficits in the verbal and non-verbal subtype scores associated with behavior problems has been previously described (13, 14) . Our results showed that preterm and low birth weight children with verbal learning deficits have a greater probability of presenting clinical levels of behavioral problems and are more likely to have externalized behavioral problems (more anxiety and crying, attitude problems, hesitancy, low selfesteem, depressive features, oppositional behavior, tics, introversion and stereotypical behavior).
The comparison of the behavioral alterations shown by the CBCL to the results from the Bayley Scales and the Denver II administered during the follow-up showed that there is an association between the mental, motor and behavioral impairments indicated by the CBCL. Those results suggest that the altered results on the Denver and Bayley tests observed during the early follow-up might predict a number of behavioral symptoms. The predictive value of these tests has been reported in previous studies by our group (15, 16) . This finding indicates the importance of training health care personnel to apply those tests as a routine evaluation for children who are at risk of developmental problems.
Our data suggest that even low-risk preterm newborns are at risk for developing disturbances such as mild cognitive deficits and behavioral disorders in early childhood or early school age. This risk might increase under unfavorable socioeconomic conditions. Abnormal results on the Denver and Bayley scales during early follow-up might predict a number of behavioral symptoms, although the use of these tests should be stressed as part of the neuropsychological assessment of this unique population to identify early on the risk of later complications and to enable a specific intervention.
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